The arthropod and fungal natural enemies of privets (Ligustrum spp., Oleaceae) are listed, based on the data from taxonomic and nomenclatural websites, printed and electronic literature searches, including CAB Abstracts. Initially, the lists were compiled to identify and assess those natural enemies occurring on Ligustrum robustum in its indigenous Asian range as part of a classical biological control programme for the island of La Réunion, where this privet species has become a problematic invasive alien weed. However, because other species of Ligustrum are also posing invasive problems in other parts of the world, wherever they have been introduced, the lists have been expanded to cover all species in the genus. These records of natural enemies of Ligustrum, together with the distribution data, should enable those involved with the issues of invasive privets to assess the potential of classical biological control as an option for their management. As a further aid, an overview of those natural enemies considered to have the highest potential as classical biological control agents for L. robustum is included.
Introduction
The present review was generated originally as a background search to assess the natural enemies occurring on Ligustrum robustum subsp. walkeri (Decne.) P.S. Green (Oleaceae) in its Asian centre of origin, as part of a classical biological control programme for the island of La Réunion, where this privet has become a problematic invasive alien species [23, 24] . Subsequently, the search was expanded to include all species of the genus Ligustrum, with particular emphasis on those that are invasive aliens in other parts of the world. We feel that this unpublished research and the data generated need to be placed in the public domain as a guide for ecologists, biocontrol practitioners and stakeholders who may be involved in future decision-making on the options available for the management of invasive alien privets.
Species of the genus Ligustrum -with a predominantly Eurasian origin [25] -have been moved around the world as ornamental plants, especially for hedging purposes, since the mid-1800s [26] . However, several of these privet species have since become invasive in their exotic locations and, in particular, are now posing a threat to native ecosystems from the Mascarenes to Australia and New Zealand in the Old World, as well as to those in the New World, notably in Argentina, Brazil and the USA [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . In addition, several of these invasive Ligustrum species are also classified as poisonous plants, and have been implicated in allergies such as hay fever and asthma [37, 38] .
Classical biological control offers an economic, environmentally benign and long-term solution for the management of invasive alien weeds. Successful programmes have been conducted against many problematic exotic weeds, including woody species, using both arthropod and fungal natural enemies [39] [40] [41] , but, thus far, never against species of the genus Ligustrum. The first step in any programme involves literature and database searches for natural enemies: typically, for those arthropods and fungi that have been recorded from the centre of origin or diversity of the target plant species, based on the premise that these may be coevolved natural enemies and, therefore, with a high degree of specificity to their plant host. This is followed by surveys in the plant's natural range to collect and identify natural enemies and then to assess their potential as classical biological control agents, factoring in field observations of host impact and specificity, as well as on preliminary evaluations of their compatibility with screening procedures, such as ease of handling and breeding or culturing issues. On this basis, many of the natural enemies are eliminated and a short list is drawn up of potential agents to undergo the protracted process of screening to determine their specificity and efficacy. The natural enemies of L. robustum (Roxb.) Blume were assessed using these parameters and further studies were concentrated on several potential insect agents [24, 42] , and the leaf-feeding uraniid Epiplema albida Hampson was considered safe for introduction to La Réunion [43, 44] .
Ligustrum robustum and its Phylogeny
The genus Ligustrum is placed in the family Oleaceae of the Lamiales, which includes 24 other families of which Acanthaceae, Bignoniaceae, Orobanchaceae, Plantaginaceae, Scrophulariaceae and Verbenaceae are amongst the better known [45] . Ligustrum comprises around 40 species and is indigenous throughout most of the temperate and tropical Old World except Africa and the coldest regions [25] , and introduced elsewhere. Recent molecular studies have revealed that Ligustrum and Syringa (lilacs) are closely related and are treated as the subtribe Ligustrinae within the tribe Oleeae [46] .
Ligustrum robustum subsp. walkeri was originally described as a valid species, but has also been treated as a variety of L. robustum, and is currently accepted as a subspecies [16, 47, 48] . The indigenous distribution of L. robustum is restricted to India, Sri Lanka and Bangladesh to Vietnam. Within this range, subspecies robustum was described from Bangladesh (Silhet) and is found from northeast India to Thailand and Vietnam [48] . Subspecies walkeri was thought to occur in southern India ('Kerala and Tamil Nadu in the Western Ghats, especially the Nilgiri and Palni Hills, at altitudes up to 1500 m') and Sri Lanka ('Central, Sabaragamuwa and Uva Provinces, in montane regions at altitudes between 450 and 2000 m') [25, 47] , but Green [48, 49] now treats the southern Indian populations as a separate species, Ligustrum perrottetii A.DC. Ligustrum robustum is no longer considered to occur in China and the taxon L. robustum subsp. chinense from southern China [50] is now considered to be a synonym of Ligustrum expansum Rehder [51] .
In the Mascarene Islands, L. robustum subsp. walkeri appeared first in Mauritius where it was introduced around the turn of the nineteenth century [52, 53] . It now forms dense, impenetrable thickets, and its presence has been correlated with the inability of native vegetation to re-establish following disturbance [27, 54] . Ligustrum robustum subsp. walkeri arrived in La Réunion in 1969, becoming invasive in the forests of the island where it is still spreading [55] .
Initially, precise information about the geographic origin of the introduced L. robustum in the Mascarene Islands was lacking, in part because Ligustrum is a taxonomically difficult genus. Molecular techniques were utilized alongside traditional techniques and historical research to elucidate the taxonomy and the exact area of origin of the introduced Ligustrum [56, 57] . Dried leaf samples were collected during natural enemy surveys and native material of L. robustum subsp. walkeri from Sri Lanka, L. robustum subsp. robustum from north eastern India (Assam and Meghalaya) and the closely related L. perrottetii from southern India (the Western Ghats) were compared with introduced material from La Réunion and Mauritius using chloroplast RFLP markers and RAPDs. Sri Lankan and introduced material was monomorphic for the same chloroplast DNA haplotype that was absent from south and north-east Indian Ligustrum. This material was also clearly distinguished from Indian Ligustrum by RAPDs, which also indicated that L. robustum subsp. walkeri in Sri Lanka is more similar to the southern Indian L. perrottetii than to L. robustum subsp. robustum from north-east India. This would seem to indicate that either L. perrottetii should be included as a subspecies of L. robustum, or that subsp. walkeri should be treated as a separate species; however, thus far, no taxonomic change has been made. Milne and Abbott [57] concluded that the material introduced and established on Mauritius and La Réunion is derived from the Sri Lankan L. robustum subsp. walkeri. As a result, the search for natural enemies and the studies of potential biological control agents were concentrated in Sri Lanka [24, 56, 58] .
Methods
The present literature review was originally made in 1996 and was based on the literature only up until that date. More recent publications were consulted in preparing this list for publication, including some based on our subsequent research [42-44, 59, 60] .
Very few natural enemy species were recorded from L. robustum itself in the literature survey (apart from our work). Records from other Ligustrum spp. were also compiled, to give insight into (1) which types of natural enemy might also be expected to occur on L. robustum, and (2) the patterns of natural enemy specificity documented within Ligustrum and related genera.
Hobbyist and insect display breeders of large Lepidoptera such as silk moths (Saturniidae) use privet as a substitute food plant for many species in captivity, as it remains in leaf throughout the winter. This seems to account for all records of this family feeding on Ligustrum sp (p). (original sources and [61] ), apart from some species feeding on introduced privets in the Americas.
The degree of host specificity required for a weed biological control agent depends on the target area, and its indigenous and economic plants. In the case of La Réunion, there are no indigenous Ligustrum spp. or Syringa spp. Noronhia broomeana Horne ex Oliv. is the only endemic species of Oleaceae and is a key test plant species. Other key test plants include Noronhia emarginata (Lam.) Thouars (a Madagascan native naturalized in Mauritius and La Réunion), Olea europaea subsp. africana (Mill.) P.S. Green and Olea lancea Lam. (Mascarene endemics), although subsp. africana may no longer be recognized, and O. lancea may prove to be a synonym of the widespread Olea capensis L. [43] . In addition, olives (Olea spp.) are cultivated and ornamentals grown there include Ligustrum ovalifolium Hassk. and Jasminum spp. Hence natural enemy species only recorded from Ligustrum spp. or genera only recorded from Oleaceae are likely to reflect oligophagous or monophagous species worth investigating for host specificity (we treat monophagous as restricted to Ligustrum spp., oligophagous as restricted to Oleaceae and polyphagous as having a wider host beyond Oleaceae).
Results
The results are presented in two tables: Table 1 for  invertebrates and Table 2 for fungi. Since the recent dawn of the molecular era, mycology has undergone a radical change and fungal systematics has become a dynamic and ever changing discipline [62] . Most significantly, it has now become possible to confirm, or to link for the first time, asexual (anamorph) and sexual (teleomorph) stages using DNA sequencing. Previously, because of the morphological and phenological differences between asexual and sexual reproduction, and the rarity in or absence from the life cycle of one of these morphs, separate names were assigned to these stages -the dual system of fungal nomenclature -even when the associations were suspected or known: proven by obtaining asexual cultures from the sexual spores in the Ascomycota; or by plant inoculation in the biotrophic (non-culturable) rust fungi of the Basidiomycota. However, recent changes to Article 59 of the International Code of Nomenclature -which originally allowed for the naming of both asexual and sexual states of the fungi with unique Latin binomials -now ensures that the scientific name should be based on the principle of priority in the 'one fungus-one name policy' [62, 63] . This is reflected in Table 2 where, in some cases, both the old and new genus or species names are included when name priority has yet to be determined. In fact, disparity still exists between the various fungal databases concerning nomenclature and systematics. In addition, for some of the species listed -especially, those recorded during the nineteenth century -the taxonomy has not been 'tested' and the validity of many of the names needs to be verified. For this reason, dubious taxonomic records, as well as those records of generalist saprophytic fungi with a wide 'host' (substrate) range, have been omitted from the list ( Table 2) .
Discussion
When this literature survey of the natural enemies of Ligustrum spp. was first compiled in 1996 (R.H. Shaw unpublished), 73 invertebrates and 105 fungi were listed. Here, we list 213 invertebrates and 109 fungi, an increase of 192 and 4%, respectively. We suggest this difference in invertebrate numbers is due to a combination of newly published knowledge, greater accessibility of older information via the Internet, and for some groups such as Lepidoptera, a more comprehensive literature search. The difference for fungi is net of these factors and a more rigorous exclusion of species that are unlikely to be primary pathogens. These differences are a clear indication of the need for caution when making quantitative and qualitative comparisons between natural enemy lists for biological control targets compiled from the literature in different ways and at different dates.
Fungi
In the case of the fungal natural enemies of L. robustum, the majority of fungi collected from the centre of originmainly comprising necrotrophic species of the Ascomycota (see Table 2 ) -had a restricted occurrence and a limited impact on the host in situ, and/or proved to be difficult to manipulate in the initial host-range screening. This was the problem with Thedgonia ligustrina (Boerema) B. Sutton, which was identified from literature searches as the fungal species with the most potential, in terms of host impact and specificity (see Table 2 , Figure 1 ). The latter illustrates that this pathogen can be highly damaging under natural conditions on indigenous Ligustrum vulgare L. in the UK, but this was never seen in the field in Asia on L. robustum [24] . Thus, for the long-term screening studies, none of the fungal pathogens were considered to warrant inclusion and, as detailed above, only insects were evaluated further. However, several years after the biological control programme had closed down, without the release of any agents, a disease outbreak on L. robustum subsp. walkeri in La Réunion was reported, causing severe defoliation at a number of sites on the island, with no apparent symptoms on the hedges of L. ovalifolium and L. sinense in a nearby village (C. Lavergne, pers. com., 25/09/ 2003). Specimens subsequently received at CABI were identified as T. ligustrina, with severe leaf damage and abundant sporulation. How the fungus reached the island remains a mystery, as is the absence of infection on other Ligustrum species, since records show that it has a wide host range within the genus (Table 2 ). This would suggest that host-specific pathotypes of the pathogen may occur. Unfortunately, further reports on the impact of the fungus on the invasive L. robustum subsp. walkeri, and its host range on ornamental privets, are not available. Phylogenetically, this is an extremely interesting fungus because, although its morphology superficially resembles the cercosporoid fungi -leading it to be placed in the Mycosphaerellaceae of the Dothideales (now Capnodiales [237] , see Table 2 ) -DNA sequence analysis has now revealed that it belongs to a completely unrelated and unknown family (incertae sedis) within the Heliotales [233] . From the field evidence in the UK and La Réunion, it is also a highly damaging pathogen and, therefore, should be a priority agent for classical biological control of invasive alien privets. A further analysis of Table 2 shows that there is an interesting complex of rust species associated with the genus, especially in eastern Asia. Disappointingly, and strangely, no rusts have been reported in the literature, or were recorded during the surveys, on L. robustum in western Asia. Conversely, in both China and Japan, Puccinia klugkistiana (Dietel) Jing X. Ji & Kakish has been reported from some of the other problematic invasive alien privets (L. lucidum W.T. Aiton, L. ovalifolium, L. sinense), where it can cause significant host damage [162] . Traditionally, rusts have been the 'fungal pathogens of choice' for classical biological control programmes because of their obligatory biotrophic life style -and hence rigid host specificity -as well as their often debilitating host impact and long-distance dispersal efficiency [40] . This rust species, therefore, warrants inclusion in any future classical biological control This may be a synonym of P. osmanthae.
2
A genus in need of revision [17] . 3 
Hyperoncus
Stål, 1871 appears to be an unavailable homonym of Hyperoncus Hesse, 1867 (see [17] , http://www.marinespecies.org/aphia.php?p=taxdetails&id=849211). 4 Zhang et al. [11] record Brahmaea ledereri Rogenhofer as a leaf feeder on L. sinense in China, but this species is restricted to Turkey [157] . 5 Also http://jiuzhai.com/index.php/research/animal/3157-brahmaea-porphyrio-chu-et-wang.html -how to cite?. 6 This is an unavailable homonym, but there is no replacement name available yet. 7 Many misidentifications in literature: http://globiz.pyraloidea.org/.
8 http://www.jpmoth.org/~dmoth/80_Noctuidae/09Catocalinae/4343_Pangrapta_perturbans/Pangrapta%20perturbans.htm. 9 This record from India may be a misidentification. Country records, old names updated to modern geography. 3 Oldest, most accessible reference cited first, and, when appropriate, followed by references updating the taxonomic status and/or new host records: in the Saccardo and Petrak references, the page number of the protologue is given for each species; similarly, for books and monographs, the page number for the protologue is given after the title. 4 Authors of fungal names standardized and abbreviated according to Kirk and Ansell [236] ; Index Fungorum (www.indexfungorum.org).
5
Correct genus name, according to Kirk et al. [22] : in some cases, amended following the one fungus-one name policy [62, 63] ; original genus or alternative name (asexual or sexual stage) in parentheses. 6 Unpublished records from CABI surveys in India and Sri Lanka, 1997-2000, host from India listed as L. robustum sensu lato (s.l.); specimens identified to genus by CABI Bioscience Biosystematics and Molecular Biology Programme, species level not determined but most considered to be undescribed taxa. 7 Taxonomic affiliation (Order) not confirmed -incertae sedis -genus assigned to most appropriate Order.
programme against invasive privets, such as L. lucidum (glossy privet) and L. sinense (Chinese privet).
Invertebrates
The invertebrate natural enemies of Ligustrum spp. found in our literature review can be divided into polyphagous (more than one family), oligophagous (restricted to Oleaceae) and monophagous (restricted to Ligustrum sp (p).) (Table 3) , although the latter two categories may reflect lack of knowledge of other hosts rather than reality. For the purposes of classical biological control, the first category is discounted, the second category gives an indication of natural enemy genera which may contain monophagous species, while the third category is most likely to contain species of potential biological control interest. Surveys should take the latter two groups into particular consideration. Species and genera found on surveys that have not previously been recorded from Ligustrum will need evaluation, based initially on literature and field observations.
Based on the results of this literature survey, we conclude that surveys for natural enemies of L. robustum subsp. walkeri in its indigenous range may find the types of oligophagous or monophagous natural enemies shown in Table 4 . However, not all these types of natural enemy were found in Sri Lanka, and other potentially oligophagous or monophagous species were found that are not included in the literature-based list, reflecting that their food plants and biology have not previously been documented. We note that E. albida did not appear in the literature survey, but it is the only species for which a full host range study was completed [43] . In contrast, all the other species that were the subject of preliminary host range testing were already recognized from the literature survey (Table 4 ).
The records in Table 1 show that oligophagous species that feed on Ligustrum spp. and other Oleaceae have frequently been recorded on Syringa spp. as would be expected from these to genera being placed together as the Ligustrinae [46] , as well as on Fraxinus and Osmanthus spp. and less often on Olea, Jasminum and Chionanthus spp. All these genera except Jasminum are placed in the subfamily Oleeae: Fraxinus in the tribe Fraxinini is closest phylogenetically to Ligustrini, followed by Chionanthus, Olea and Osmanthus in the tribe Oleinae, while Jasminum in the subfamily Jasmineae is the least closely related. Apart from L. robustum subsp. walkeri, one species of Olea, two species of Chionanthus and five species of Jasminum are indigenous in Sri Lanka [48] . In addition, cultivated varieties of Jasminum are commonly planted. Including these genera in the field surveys for natural enemies will give a quick indication as to whether a particular species is likely to be monophagous on Ligustrum.
Conclusions
Very many natural enemies of Ligustrum species exist in the native range and amongst these are likely to be potential biological control agents worthy of further study. It is hoped that the contents of this natural enemy review will assist in adding options to the future management of these troublesome and widely introduced weeds.
